Abstract. The important role of sialic acid in various biological phenomena is well-established. In order to further clarify the role of sialic acid in cell death induced by various stimuli, the present study compared the cell survival of the HBL-2 human diffuse large B-cell lymphoma cell line upon anticancer drug-induced cell death, with or without neuraminidase pretreatment: Cell survival was assessed using flow cytometry. Upon treatment with doxorubicin or etoposide, the HBL-2 cell viability decreased. In etoposide-induced cell death, the HBL-2 cells demonstrated nuclear fragmentation, which was consistent with morphologically apoptotic cells. In addition, a higher decrease in the cell viability of etoposide-treated HBL-2 cells was observed in cells pretreated with neuraminidase compared with cells that were not pretreated. Furthermore, the caspase-3, caspase-8 and caspase-9 activities in etoposide-induced apoptosis demonstrated a greater increase upon neuraminidase pretreatment compared with no neuraminidase pretreatment. In conclusion, cell surface sialylation appears to protect lymphoma cells from anticancer drug-induced apoptosis.
Introduction
The role of sialic acid as a biological mask of surface structures is well-documented (1, 2) . Sialic acid plays an important role in the biological behavior of tumor cells, with respect to cell recognition phenomena, metastasis (3) (4) (5) and cell adhesion (6) , and influences the clinical outcome of patients (7, 8) . We have previously reported that sialylation of L-phyohemagglutinin (L-PHA) reactive oligosaccharides is associated with worse prognosis in patients with diffuse large B-cell lymphoma (7, 8) . Another study has demonstrated that differential cell surface sialylation of Burkitt lymphoma cell lines affects the cell adhesion to fibronectin and collagen type IV (9) . In addition, differential cell surface sialylation is due to differences in the mRNA expression of UDP-GlcNAc2-epimerase, which is a key enzyme in sialic acid biosynthesis (9) . Furthermore, Fas-induced apoptosis was found to be regulated by sialylation of the Fas molecule in the Jurkat T cell lymphoma cell line (10) .
Doxorubicin is one of the chemotherapeutic agents used in the therapy of human malignant lymphoma (11) . In addition, etoposide, a topoisomerase II inhibitor, is another chemotherapeutic agent used in malignant lymphoma (12) . Etoposide-induced apoptosis has been reported to be regulated through caspase activation, mitochondrial damage and cytochrome c release (13) (14) (15) (16) . However, only a limited number of studies have investigated the association between cell surface sialylation and drug resistance in tumor cell lines (17) . The aim of the present study was to investigated whether cell surface sialylation may regulate etoposide-induced apoptosis in a caspase-dependent manner in the HBL-2 human malignant lymphoma cell line.
Materials and methods
Cell line. The HBL-2 human lymphoma cell line was established in the laboratory of the Department of Diagnostic Pathology (Fukushima Medical University, Fukushima, Japan) from a patient suffering from diffuse large B-cell lymphoma.The study was approved by the Ethics Committee of Fukushima Medical University (Fukushima, Japan). The HBL-2 cells were grown in RPMI 1640 (Sigma-Aldrich, St. Louis, MO, USA) culture medium containing 15% fetal calf serum (FCS) in a 5%CO 2 atmosphere at 37˚C (18) . to analyze cell surface sialylation, 6x10 6 cells were incubated at 37˚C for 30 min in 200 µl RPMI 1640 medium containing 15% FCS and 40 µl of 1 U/ml Vibrio Cholerae neuraminidase prior to incubation with biotinylated LFA lectin (9) . Lectin reactivity was then analyzed by flow cytometry.
LFA is a sialic acid-specific lectin, reacts with the surfaces of HBL-2 cells, which was observed using flow cytometry. LFA lectin reactivity is completely eliminated by neuraminidase treatment, indicating that sialic acids on the cell surface are removed (19) .
Doxorubicin or etoposide-induced cell death.
Cell viability was assessed using a WST-1 Cell Proliferation Assay kit (Roche Diagnostics) (10) . HBL-2 cells were grown for 2 days and then seeded in 96-well microtiter plates, at a density of 5x10 4 cells/well. Next, the cells were incubated for 24, 48 or 72 h at 37˚C in 100 µl culture medium containing doxorubicin (D1515; Sigma-Aldrich, St. Louis, MO, USA) at a final concentration of 1.6 or 3.2 µM, or incubation with etoposide (40 µg/ ml, for 24h; E1383; Sigma-Aldrich) at a final concentration of 10 or 30 µg/ml. Subsequent to the incubation, 10 µl WST-1 reagent was added to each well and the plates were incubated for a further 1 or 2 h at 37˚C. Then the absorbance at 450 nm was measured with an i-MARK microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA). To examine the extent of cell surface sialylation, 6x10 6 cells were incubated at 37˚C for 30 min in 200 µl RPMI 1640 containing 15% FCS and 40 µl of 1 U/ml Vibrio Cholerae neuraminidase, prior to incubation with doxorubicin or etoposide (10) .
Detection of apoptosis. The cultured cells were cytospun using a Cytospin2 (Thermo Fisher Scientific, Inc., Waltham, MA, USA ), Japan. The cells which adhered to the slide glass were stained using Giemsa solution (Wako Pure Chemical Industries, Ltd., Chuo-ku, Japan), as to the manufacturer's instructions. The apoptosis-associated morphological changes, including nuclear fragmentation, condensation and membrane changes were evaluated by light microscope (BX51; Olympus Corporation, Tokyo, Japan). Giemsa-stained cytospin cell preparations were evaluated to detect any apoptosis-associated morphological changes, including nuclear fragmentation, condensation and membrane changes.
Caspase3, caspase-8 and caspase-9 activities. Upon induction of apoptosis with etoposide, the caspase-3, caspase-8 and caspase-9 activities were measured using a colorimetric caspase activity assay kit (Apopcyto™; Medical & Biological Laboratories Co., Ltd., Tokyo, Japan), according to the manufacturer's instructions (20) . 
Results

Doxorubicin-and etoposide-induced cell death. HBL-2 cells
were incubated with or without doxorubicin, at a concentration of 1.6 or 3.2 µM for the cell viability assay using WST reagent ( Fig. 1): The cell viability of HBL-2 cells reduced in a dose-and time-dependent manner (Fig. 1A) . The time dependent reduction of cell viability was observed with 1.6 µM (P=0.0002) and 3.2 µM (P<0.0001) doxorucin treatment. A dose dependent reduction in cell viability was observed at 48h (P=0.0001). In addition, HBL-2 cells were incubated with or without etoposide, at a concentration of 10 or 30 µg/ml. The cell viability of HBL-2 cells reducedd in a time-dependent manner, but not in a dose-dependent manner (Fig. 1B) .
Effect of neuraminidase treatment on doxorubicin-or etoposide-induced cell death. HBL-2 cells were incubated with
etoposide at a concentration of 30 µg/ml (Fig. 2) . After 72 h, the reduction in cell viability of neuraminidase-pretreated cells was greater when compared with cells that were not pretreated with neuraminidase (Fig. 2, P=0 .0021).
Detection of apoptosis. HBL-2 cells that were incubated with etoposide for 24 h demonstrated an apoptotic morphology (including nuclear fragmentation) on Giemsa-stained samples (Fig. 3A) . The apoptotic morphology was also observed in HBL-2 cells pretreated with neuraminidase (Fig. 3B) .
Caspase-3, caspase-8 and caspase-9 activities. Upon induction of apoptosis with etoposide, the caspase-3, caspase-8 and caspase-9 activities (activity/h/mg of protein) were found to be higher in cells pretreated with neuraminidase, compared with cells that were not pretreated ( Fig. 4 ; caspase-3, P=0.0011; caspase-8, P=0.0014; caspase-9, P>0.05). The removal of sialic acid by neuraminidase pretreatment resulted in enhancement of caspase-3, -8 and 9 activity compared with the absence of neuraminidase pre-treatment. 
A B Discussion
Etoposide is a topoisomerase II inhibitor that has been widely used to couple DNA damage to apoptosis (21) . Topoisomerase II is able to unknot and untangle DNA molecules by passing an intact helix through a transient double-stranded break (13) . Inhibitors, such as etoposide, stabilize the complex formed by topoisomerase II and form non-repairable DNA double-strand breaks. Subsequently, cells are able to recognize these DNA damages and eliminate the injured cells by apoptosis. Etoposide-induced apoptosis has previously been found to be dependent on caspase activation and mediated by mitochondrial damage (22) . Doxorubicin-induced apoptosis is also mediated by caspase-9 activation (23). Scaffidi et al identified two different types of Fas-induced apoptosis signaling pathways (24) . Type I apoptosis is mediated by a death domain and activation of caspase-8 in various cell lines (24) . By contrast, type II apoptosis is mediated by activation of caspase-9 and loss of mitochondrial membrane potential (Δψm). The activities of the death domain and caspase-8 in type I apoptosis are lower compared to those in type II apoptosis (24) . In the present study, etoposide-induced apoptosis was found to be mediated by the activation of both caspase-8 and caspase-9. Therefore, although the detailed underlying mechanisms remain unclear, cell surface sialylation inhibited the pathway of apoptosis depending on the activation of caspase-8, caspase-9 and caspase-3. In addition, sialic acids may regulate both type I and type II apoptosis.
Cell surface sialylation in human lymphoma cells has been reported to be involved in modulating sensitivity towards Fas-mediated apoptotic cell death (10) . Previous studies have suggested that alteration in the extent of sialylation in the cell surface of tumor cells appeared to be closely associated with cell adhesion, metastasis and the clinical outcome of the patients (7). Our previous study revealed that α2,6-sialic acid residues or sialylation in L-PHA reactive oligosaccharides appeared to be closely associated with worse prognosis in patients suffering from human diffuse large B-cell lymphoma (8) . Differential cell surface sialylation regulates lymphoma cell adhesion to the extracellular matrix (9) . In the present study, cell surface sialylation inhibited etoposide-induced apoptosis and this drug-induced apoptosis was caspase-3 dependent.
In conclusion, the results of the present study may provide new scientific foundation on the cell survival mechanism in drug-induced apoptosis and sialylation of cell surface glycans, which appeared to inhibit the anticancer drug effect in lymphoma. The current authors speculate that altered cell surface sialylation may be useful for more effective cell killing in human malignant lymphoma.
